Very recently, the Orsay group has reported1 measurements of the photoabsorption cross section of Li cluster ions and has pointed out the difficulty to interpret them within the jellium model (JM). Motivated by these results, we present in this work a new model of atomic clusters. We call it the pseudo-jellium model (PJM) because, compared to the conventional JM,2-6 it adopts a more accurate description of the electron-ion interactions (the pseudohamiltonian), yet it keeps the conceptual simplicity of the JM and thus allows the self-consistent calculation of ground-state properties and excitation spectra of very large clusters. In what follows we first describe our new model and then show that, unlike the conventional JM, it explains the optical properties of singly ionized alkali clusters.
Calculations of cluster properties are often based on the following electronic energy functional
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where Ekin, Ex,, E,,, and Eei are the kinetic, exchange-correlation, electrostatic, and electron-ion parts of the total energy of the system of N valence electrons. In the J M one approximates the real distribution of positive ions by a model ionic density which is constant inside a sphere of radius R and zero outside it i.e., a spherical step density whose parameters no and R are related to the WignerSeitz radius r,, the number of atoms in the cluster Z and of valence electrons of Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19937314 each atom z,, (no = 3/47rrt ; R = r , ( z , Z )~) , and then assumes that the electronion interaction is simply described by the electrostatic potential due to such a model ionic density
The assumption Eq. (3) is very crude and takes no account of the structure of the ions. It evidently amounts to a point-charge approximation of the ionic potential, which cannot resolve any chemical difference between, say, two isovalent ions belonging to the same group of the periodic table. In fact, some of the failures of the JM in describing correctly the plasmon energies in metal clusters such as Li clustersi point to this inadequacy of Eq. (3).
It has been shown that the electron-ion interaction can be accurately represented by angular momentum-dependent pseudopotentials7 or alternatively by velocity-dependent pseudohamiltonians.8 In this work we generalize the JM by substituting the assumption Eq. (3) with the following one i.e., the ions are still being spherically averaged using the model ionic density n+ of Eq. (2) (jellium approximation) but, instead of describing the ion-electron interaction by -1/Jr -r' 1, it is now represented by the pseudohamiltonian8 which describes the relative motion of an electron with coordinate r and an ion at point r'. We shall therefore refer to it as the pseudo-jellium model (PJM). In 
) where a ( r ) , P(r), and u(r) are determined from the functions a(r), b(r), and v(r). The modified Kohn-Sham equations for the spherical PJM become Note that, since the potential 6"' has the important property of being momentum and angular-momentum dependent, the new Kohn-Sham equations have a modified kinetic energy operator which, just like the case of an isolated ion, can be intepreted in terms of a radial-and direction-dependent effective mass t e n~o r .~ The presence of a modified mass has the effect of changing the integrated oscillator As a testing ground of the PJM we choose to apply it to the case of singly ionized alkali clusters. A more detailed discussion of Li cluster calculations can be found in Ref. The striking feature is the large shift between the two models. Part of this shift can be attributed to the larger single-particle level density of the PJM due to its larger effective mass. The general shape of the distributions is not much changed in the two models. On the same figure are reported the corresponding data of Ref. 1. Although there is some uncertainty in the absolute magnitude of measured cross sections, the peak energies are certainly well determined. Fig. 2 shows a good agreement of the experimental peaks with PJM results whereas the JM predictions are off by about 1 eV. In Figs. 3,4 we compare, in atomic units the JM (dashed) and PJM (solid) dipole strength functions for Nail and K;~.
In each case the vertical arrow indicates the measured peak energy. Elementary considerations of pseudopotential theory suggest that if the main idea of this work is correct, then the deviation from conventional jellium spheres must be largest for Li (more nonlocal) and smaller for heavier (less nonlocal) alkali metals. From  Figs. 3,4 it clearly appears that such a trend is both experimentally observed and consistently obtained by our calculations: our PJM peak energies are always in improved agreement with the experiment when compared to the JM results, whose inadequacy is most evident in the case of Li.
In conclusion, we have shown the importance of the effects of core electrons on valence electrons in alkali metal clusters. These effects can be treated by means of pseudohamiltonians. The resulting pseudo-jellium model keeps the conceptual simplicity of the usual jellium model and leads to a quantitative understanding of optical properties of a wide range of alkali cluster ions.
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